vehicle technology had delivered most of the carbon reductions, these advances were offset by new cars that had become significantly more powerful, larger, and heavier. This is the case in Australia. The paper shows how Australia can accelerate the uptake of low carbon technology through reforming existing vehicle taxes into an environmental related tax. The reform will require basing the tax on CO2 emissions from previously being based on the vehicles technical characteristics such as cylinder capacity, engine size and fuel type. The literature supports the reform of vehicle taxes into an environmental tax, which was found to be a powerful instrument in influencing the purchase decisions of consumers. 1 Specifically, the paper examines the literature and reviews the ex post evidence on the successful reform of vehicles taxes. In the case study of Ireland, it was found that the reformed vehicle taxes based on CO2 emissions provided a strong price signal, and consumer response was greater than anticipated. As a result, Irelands ambitious targets in reducing its GHG emissions were met. 2 The paper provides evidence to Australia's policy makers, consultants and car manufacturers that reforming existing vehicle taxes into an environmental related tax is an effective measure in transitioning Australia into a low carbon transport and reducing road transport emissions. 
Introduction
The transport sector is arguably the most difficult and expensive sector in which to reduce greenhouse gas emissions (GHG), 3 with carbon dioxide (CO2) generated by transport in Australia increasing by 50.7 percent (93.5 Mt CO2-e) in 2012-2013 from 1990 levels (62.0 Mt CO2-e). 4 Unless the government reverses this trend, CO2 emissions will continue to rise and offset the gains made in reducing carbon emissions in other energy sectors. 5 The largest contributor to transport GHG emissions is road transport. The International Energy Agency states that to limit emissions from this sector, policy makers should implement measures to encourage a shift from cars to public transportation and to fuel efficient and lower carbon vehicles. 6 The scope of this paper addresses policy measures that encourage a shift to such lower carbon motor vehicles.
In 2010, the Henry Report stated that greenhouse gas emissions was best dealt with through an economy-wide market mechanism or similar scheme, and once they were in place it would be inefficient to impose taxes on transport or fuel. 7 However, the proposed market mechanism entitled Carbon Pollution Reduction Scheme was not passed through the Senate, and the proposed mechanism was deferred in 2010. Nonetheless, a carbon tax under the Clean Energy Act 2011 was introduced on 1 July 2012 8 . However, transport fuel for light vehicles was exempted from the carbon tax because it was met with strong opposition from consumers and did not receive public support. 9 Rabe (2012) 10 found perceived benefits of including transport fuel in a carbon tax may be difficult to discern and not calculable until future generations. Anable, Lane and Kelay (2006) 11 stated that the UK survey indicates that level of support for government action diminishes significantly with respect to policies to tackle emissions from transport.
The Australian Government has since then introduced no other fiscal instrument. Nor did the 2012 Energy White Paper entitled Australia's Energy Transformation 12 set any short and long-term targets to encourage a shift to fuel-efficient and lower carbon vehicles. Clearly, this failure to address road transport emissions makes it challenging for Australia to reach its global obligation to reduce the country's GHG emissions.
Hence, it is argued that rising road transport emissions can be addressed through reforming existing vehicle taxes into an environmental related tax. It is also argued that reformed vehicle taxes will receive public acceptance, because they are founded on an existing tax, will only apply to the acquisition of new vehicles, and will not receive the political backlash of introducing a new tax.
The earlier literature on the effectiveness of reforming vehicles taxes on the basis of CO2 emissions has been mixed. However, an ex post analysis of the policy change in the European Union indicates that the success of the differentiated CO2 vehicle taxes aimed at reducing CO2 emissions will depend on the design of the tax and the rate of tax differentiation in providing a strong price signal to influence the decisions of consumers to purchase fuel efficient and lower carbon motor vehicles. 13 It was found to be a "powerful instrument" that could achieve environment goals (reduce carbon emissions), economic policy goals (vehicle taxation revenue and vehicle ownership levels), 14 and social policy goals (influence car purchase behavior, maintain public acceptance and equity). 15 Depending on the design of the tax, it could control vehicle 9 Phillip Coorey, "Windsor says he'll stop carbon plans if Greens go too far", The Sydney Morning Herald (Fairfax Media), 28 February 2011. It was considered inequitable to penalize people for living in rural areas by imposing a carbon tax on fuel, when there was no access to public transport in these areas and no alternative but to use private vehicles for transport 10 Barry Rabe and Christopher Borick, "Carbon Taxation ownership, vehicle engine efficiency, and the development of new technology. 16 Furthermore, reformed vehicle taxes could indirectly provide a non-tariff barrier that would discourage the importation of high polluting vehicles into the importing country. 17 In the context of reducing carbon emissions of new light motor vehicles, this paper first examines the importance of setting environmental policy objectives and targets in formulating policy design. Second, the paper assesses Australia's progress in transitioning new motor vehicle fleet to low carbon transport. Third, the paper examines whether Australia ought to adopt environmental tax reform of its vehicle taxes by differentiating such taxes on the basis of carbon emissions, and whether it can also become a "powerful instrument" in accelerating the transition of Australia's new motor vehicles to a low carbon passenger fleet. A case study of Ireland's effective reform of its vehicle taxes for its passenger fleet in 2008 is examined, because of its similarity with Australia's growing trend for large, high-polluting vehicles and significant growth in road transport emissions. This paper provides support for Australian policy makers that reforming existing vehicle taxes into an environmentally related tax, can be effective in reducing road transport emissions by providing a strong price signal that will influence buyers into choosing fuel efficient and lower carbon emitting light vehicles.
Australia's future projections for road transport emissions
In ratifying the Kyoto Protocol to the United Nations in December 2007, the Australian Government committed unconditionally to reduce its emissions by 5 percent and conditionally by 15 or 25 percent of 2000 levels by 2020, depending on the extent of international action. 18
The transport sector in Australia is the second largest source of GHG emissions, 19 and reducing emissions in this sector plays an important role in this country's international obligation to meet the above emission target. However, annual emissions from transport increased by 2.8 percent in the year to June 2013, and offset the Unless this trend towards rising transport emissions can be reversed, the Australian Government will find it challenging to reach the above commitments. Hence, the Australian Government cannot ignore the challenge to abate transport sector emissions if it is to meet its international obligation to reduce the country's emissions.
Projected growth in transport emissions
In 2012, the transport sector contributed 15 percent (91 MtCO2-e) of Australia's net emissions, and is the second largest source of emissions growth in Australia. 21 As shown in Table 1 , road transport is the largest subsector in the transport emissions, which accounted for 87 percent of transport emissions in 1990, and projected to reduce to 82 percent of transport emissions by 2020 and 76 percent of transport emissions by 2030. However, the 2012 White Paper has forecast that road transport activity will more than double by 2050. 27 Table 1 shows that the Australian Government is projecting future growth in road transport emissions of 24 per cent in the period 2000 to 2020. It is also projecting that this will then slow to no growth in the period between 2020 and 2030 because of a combination of ongoing vehicle efficiency improvements and the adoption of new technologies. 28 Vehicle fuel efficiency improvements will include a "substantial fuel substitution" from petrol to diesel and biodiesel, 29 a gradual increase in the adoption of hybrid vehicles, and the emergence of electric road vehicles which will become more cost competitive with conventional internal combustion engine vehicles. 30 It is projected that the gradual adoption of such vehicles will be a "result of the time taken to turn over the existing vehicle fleet". 31 It is also anticipated that there will be a shift in As the 2012 Energy White Paper 33 noted, "…increased fuel efficiency will be essential if emissions are to be reduced [and] innovation and better urban planning will also play important roles." 34 The 2012 Energy Paper also pointed to higher fuel prices and the introduction of mandatory CO2 emission standards for light vehicles to improve the vehicle efficiencies of conventional internal combustion engines and the transition to electric and hybrid vehicles. 35 However, the 2012 Energy White Paper also observed that, "success will depend on the ability of these technologies to meet consumer needs". 36 In effect, the 2012 Energy White Paper assumes consumers will make the gradual transition to alternative technologies such as hybrid, electric and smaller vehicles, without complementary measures such as environmental related taxes to encourage consumers to choose such vehicles.
The European Commission, however, found that the combination of fiscal instruments such as mandating CO2 emission standards and the environmental tax of higher fuel prices was not enough to transition to lower carbon vehicles and reduce road transport emissions. 37 Whether there will be a change of approach in the release of the Energy White Paper in late 2014, given the change of government in 2013, is yet to be seen. In December 2013, the Australian Government released an Issues Paper seeking preliminary consultation on "identified issues of interest", which will be addressed in the Government's Energy White Paper. 38 In terms of reducing transport emissions, the Issues Paper seeks consultation on the same issues addressed in the 2012 White paper, namely the importance of improving fuel efficiency and increasing the use of alternative fuels. 39 Further, the Issues Paper seeks comments on measures that may encourage changing attitudes and behaviour towards efficient fuel use, as well as the uptake of technology to improve transport energy efficiency. 40 Moreover, for alternative fuels, the Government seeks comments on any barriers to increasing the uptake of electric vehicles, LPG and advanced biofuels. 41 The Issues Paper acknowledges the importance of fuel quality standards and fuel economy disclosure to help improve efficiency, 42 and that there are "opportunities to raise performance standards utilizing existing legislation, with minimum cost to the economy but with an overall benefit to the economy." 43 This paper provides ex-post analysis and evidence that reforming existing legislation, namely vehicle purchase taxes, can satisfy the Issues Paper directive of changing attitudes and behavior by encouraging the uptake of low emission vehicles to improve fuel efficiency and significantly reduce GHG emissions.
No future targets to reduce road transport CO2 emissions
The Australian Government has no ambitious targets or strong commitment to reducing GHG emissions from road transport. Instead, the Australian Government forecasts that transport emissions will continue to rise as discussed in paragraph 2.1.
In contrast, other OECD countries have set and/or legislated ambitious targets to reduce road emissions. For instance, the emissions reduction target of the European Commission GHG is to reduce transport emissions by 60 percent by 2050 compared to 1990 levels. 44 The above reduction targets are more challenging than those set by the Federal Government, which aims to reduce carbon emissions from 2000 levels, not from 1990 levels as discussed in paragraph 2.1.
Jarvinen et al. (2012) argued that to meet these ambitious targets by 2050 will require significant reduction in carbon emissions, and that these targets are incompatible with simply improving the efficiency of petrol and diesel engines. 48 Rather, it will require the substitution of the internal combustion engine with alternative power systems. 49 The Australian Governments 2012 White Paper shows no such commitment.
Progress since International Energy Agency Review in 2005
There has not been much progress since the International Energy Agency's review of Australia in 2005 in terms of reducing transport emissions. The IEA stated that transport was receiving less attention than other sectors, with Australia's current fuel efficiency standards at the lower end of the IEA countries. Given this, the IEA recommended that if the Australian Government wanted to deal with the overall energy efficiency of the economy, it should address transport energy use more forcefully. 50 Clearly, Australia's lack of effective fiscal measures has contributed to Australia's road transport emissions being one of the highest in the OECD.
Growth in higher carbon emitting vehicles
As shown in Overall, Table 2 shows a trend towards higher carbon emitting SUV vehicles rather than a transition to low carbon passenger vehicles. The continuing growth of the high carbon emitting SUV's in Australia's new vehicle sales as shown in Table 2 is in stark contrast to other OECD countries, where market share of large SUVs has decreased. 51 In the EU, 30.5 percent of total new car registrations in 2011 were passenger cars emitting 101 -120gCO2/km, and 67 percent of registrations were vehicles emitting less than 140g of CO2/km. 52 The continuing growth of SUVs in Table 2 has been described as "Four wheel drives lead car sales to record highs", 53 "SUVs are the 'fastest growing segment', and as the "SUV phenomenon". 54 This choice of vehicle by consumers can have a significant impact on CO2 emissions. For example, on average an SUV produces 70 percent more emissions than a smaller car; 55 this is discussed further in paragraph 4.1.
In 2007, the European Commission stated that while fuel efficiency increased due to improvements in car technology in the period to 2004, new cars sold in the EU had become significantly bigger and more powerful. 56 The same trend is occurring in Australia and has contributed to Australia's national average carbon emissions from new passenger vehicles being 46 percent higher than in the European Union (199g/km compared to 136g/km) 57 in 2012. Australia's national average carbon emissions from new passenger and light commercial vehicles performance have not improved significantly since the IEA reported on Australia's performance in a 2006 survey of 19 IEA member countries. In this survey, it was reported that Australia had the least efficient road passenger transport and one of the lowest levels of new passenger vehicle fuel efficiency in the world, and that the gap was expected to widen. 58
Moreover, had Australian consumers purchased vehicles with best-in-class emissions in 2012, the national average carbon dioxide emissions could have been reduced to 119g/km, that is, a reduction of 40 percent. 59 However, with no effective fiscal measures in place, consumers are not encouraged to acquire these best-in-class fuel efficient and lower carbon vehicles.
Vehicles sold by EU importers have higher average CO2 in Australia than in the EU
The NTC found CO2 emissions from new vehicles are higher in Australia than in the EU because fewer fiscal measures have been adopted to reduce carbon dioxide emissions. 60 Further, the absence of strong fiscal measures has allowed unrestricted importation of high carbon emitting vehicles into the Australian new car market. These vehicles would not have sold in the importer's market because high vehicle taxes are imposed and discourage the purchase of less fuel-efficient vehicles, as discussed in paragraph 3. For example, the NTC reports that the average emissions in 2011 for new vehicles by manufacturer for the European Union was at its lowest 119 g/km for Fiat, and at its highest 153 g/km for Daimler, compared to the average emissions of imported vehicles in Australia which at its lowest was 152g/km for Fiat, and at its highest 227 g/km for Volvo. 61
Absence of fiscal measures impacts on local car production
Further, the absence of fiscal measures has allowed the Australian local car industry to become uncompetitive by continuing to manufacture high carbon emitting vehicles, thus limiting car exports to countries without such fiscal measures, such as the Middle East. Economic instruments that directly affect trade have been described as non-tariff barriers because governments restrict imports based on whether the product meets their domestic standards for environmental performance. 62 Rather than raise the Australian local car industry's environmental standards and bring them into harmony with the stricter standards of their export markets, proponents such as Mr Weber of the Federal Chamber of Automotive Industries justify the local car industry's position, and argue that Australia needs to "beat down the non tariff barriers across South East Asia for the domestic car industry to remain viable." 63
Importance of fuel economy to rational economic consumers
The 2012 White Paper claims that consumers will shift to fuel efficient vehicles with higher fuel costs (as discussed in paragraph 2. 65 found that up-front vehicle purchase price, reliability, and safety are more important to consumers than environmental concerns. Further, traditional preferences such as appearance, power, image and brand also feature more strongly in consumer's decision making when buying a car. The Australian Bureau of Statistics supports the above findings, given 58 per cent of people considered "purchase cost" to be a key factor when buying a new car in 2012, followed by "fuel economy/running costs" (41 per cent). 66 Yet, despite public awareness, only 7 per cent of households would consider the "impact on the environment" when choosing a new passenger vehicle. 67 While fuel consumption is an important factor when choosing a car, consumers take a very short-term view when weighing up vehicle purchase costs, and on average apply a very high discount rate of 60 percent or an equivalent 18 month payback period for fuel costs (The King Review Part I: 2007: 60). 68 Fisher et al. (2004) 69 explained that if consumers fully valued the discounted present value of future fuel savings, then fuel economy standards would largely be redundant. Anable et al. (2006) 70 found that even if fuel consumption was a first order proxy, its importance 'drops off' nearer to the purchase decision when, as literature suggests, non-environmental factors as discussed above continue to dominate the car purchase process. 71 Van Dender (2009) 72 found the problem of low willingness to pay for better fuel economy at least partly stems from consumers' reluctance to pay up front in return for an uncertain reduction in fuel expenditure. Greene et al (2010) makes the following observation:
If consumers undervalue fuel economy improvements relative to their expected present value over the full life of a vehicle, the market will provide too little fuel economy and will under-invest in research and development of energy efficient technologies. 73
The evidence on consumers' decision making in undervaluing fuel economy is against the rational economic model, and is likely to lead to market failure. 74 Greene 75 adds that policies that influence the market via purchase price such as feebates or fuel economy standards have greater leverage on fuel economy than fuel prices. Thus, Greene's views support the European Commission 2002 COWI Study 76 findings discussed in paragraph 3.2.
Therefore it was critical to provide a strong price signal to ensure the environmental aspect that is factored in when choosing a fuel-efficient, low emitting vehicle does not 'drop-off' at the time of purchase. The European Commission found that reforming existing vehicles taxes differentiated on the basis of carbon emissions is a "powerful instrument" that provides a strong, up front price signal that encourages the acquisition of low carbon vehicles. 77 It is argued that reforming vehicle taxes into an environmentally related tax differentiated on the basis of carbon emission is critical, given that Australia has no effective environmental policy instrument to accelerate the transition to lower carbon motor vehicles. The 2010 Henry Report's finding that such supplementary measures are not required is no longer applicable, 78 given that transport fuels for light vehicles (4.5 tonnes or less) are exempt from the carbon tax, as discussed in paragraph 1.0. Fuel tax adjustments were made to heavy vehicles (more than 4.5 tonnes) under the 80 considered it important to target the taxation measure that has impact. The taxing point for the 'purchase of vehicles' and 'ownership of vehicles' are commonly referred to as 'vehicle taxes', which are generally designed for revenue generation rather than as an instrument to reduce carbon emissions. 81 82 However, the base of such taxes can be carbon differentiated to provide a strong price signal to influence the acquisition of fuel-efficient and low CO2 emitting motor vehicles.
Overview
There is a growing body of literature that supports vehicle taxes as a means of providing strong price signals to influence consumers on the type of vehicles being purchased, by reducing CO2 emissions intensity in new passenger vehicles. 83 Most vehicle taxes are paid annually and/or at the time of purchasing a new vehicle. For the purposes of this paper, the annual tax will be referred to as 'ownership tax'. This is commonly known as 'circulation tax' in the EU, and as 'registration tax' in Australia. The ownership tax is levied over the period the vehicles is owned and is normally recurrent in nature. 84 79 Clean Energy (Fuel Tax Legislation Amendment) Bill 2011. The fuel tax credits will not be reduced for the agriculture, forestry and fishery industries. The Government had intended to introduce further legislation to apply a carbon price on heavy on-road vehicles from 1 July 2014, but this measure was not agreed to by all the members of the Multi-Party Climate Change Committee. A 'vehicle purchase tax' is paid at the time the new passenger vehicle is acquired, commonly known as a 'registration tax' in the EU, and 'stamp duty' in Australia. An alternative to a vehicle purchase tax is a 'feebate/bonus malus', which is a combination of a vehicle purchase tax/fee and a rebate/subsidy 85 that rewards buyers of vehicles that are more fuel-efficient than the average vehicles, and penalizes buyers of less fuel efficient vehicles. 86 In addition to vehicle taxes, most EU countries will also impose a 'Value Added Tax' (VAT), commonly known as a 'Goods and Services Tax' in Australia, based on the before-tax sale price of the new passenger car. Some EU countries differentiate the tax according to the vehicles' CO2 emissions. Further discussion of VAT is beyond the scope of this paper.
EU studies support reforming vehicle taxes on basis of CO2 Emissions
There have been several studies commissioned by the European Union on the transport CO2 emissions mitigation policies. Modeling prepared by COWI in 2002 (COWI study), a leading international consulting group, was commissioned by the European's Directorate-General for Environment (DG-ENV) in co-operation with the Directorate for Taxation and Customs Union (DG-TAXUD) 87 to "study the potentials effects of fiscal framework measures to reduce CO2 emissions of new passenger cars". 88 The object of the study was to determine which fiscal measures will assist the Commission to achieve the European Council and the European Parliaments target of reducing CO2 emissions from new passenger cars to 120g of CO2/km by 2005, or by 2010 at the latest. 89 The study considered the "CO2 efficiency of the national taxation system", and in light of the analysis, individual Member States were able to review their national taxation system. 90
The COWI study found substantial variations in the vehicle taxation systems of nine selected Member States: Belgium, Denmark, Finland, Germany, Italy, Netherlands, Portugal, Sweden and the UK. The COWI Study selected these countries on the basis they were sufficiently representative of the following factors: GDP, population density, family structures, urbanization, taxation systems, income levels, income distribution, and whether there is a domestic production of cars or not. 91
Of the selected countries, five countries do not have vehicle purchase taxes (Germany, Luxembourg, Sweden, France and the UK). However, France adopts a bonus-malus system, which grants a premium for the purchase of low emitting vehicles, explained in paragraph 5.1. The remaining four selected countries (Denmark, Finland, The Netherlands and Portugal) applied very high levels of vehicle purchase tax compared to ownership tax. There was no uniformity across the Member States on the design of the vehicle purchase taxes, which were typically based on the physical properties of the car such as cylinder capacity or fuel consumption, or related to the price of the car. 92 The annual ownership taxes on passenger cars applied to all nine selected countries except France, which is a regional measure rather than a national one. 93 Again, the average ownership taxes exhibited substantial variations among countries, and could be based on the vehicle's technical characteristics such as fuel type, dead weight, cylinder capacity, engine size, fuel consumption, and age of the vehicle. 94 The findings from the COWI Study on the potential of reforming vehicle taxes as a measure to support the demand for more CO2 vehicles were as follows: In terms of fuel taxes, the COWI Study found increasing fuel taxes by a further 25 percent would bring about only a very small reduction in the average CO2 emissions from new cars in the order of less than 1 percent. Only in a very few cases was the reduction more than 1 percent, but never above 2 percent. 101 The COWI Study concluded that fuel taxes are not very effective as an instrument in reducing average CO2 emissions from new cars, but in a broader sense can encourage energy efficient driving behaviors. 102 Further discussion of fuel taxes is outside the scope of this paper. The Commission proposed the adoption of concrete fiscal measures to "drive consumer demand towards fuel efficient cars: this would foster a more sustainable car market, where manufacturers can compete on grounds of environmental performance" without having to jeopardize improvements in comfort and safety considered to be important to consumers. 110 Member States were reminded of their responsibility to reduce CO2 emissions through CO2 related taxes and other fiscal instruments. 111
EU vehicle taxes reformed to meet CO2 emission targets
The Commission proposed a Council Directive to support the adoption of passenger car taxation, and to promote the "purchase of fuel efficient cars throughout the EU and help manufacturers in respect to the upcoming efficiency framework. 112
To ensure regulatory targets be met, the European Parliament and the Council mandated the average new car fleet target by 2012, and set a long-term target of 95gCO2/km by 2020. 113 However, subsequent negotiations between the EU Member States and lobbying by the car industry persuaded the Commission to increase the original proposed target from a maximum of 120g to 130g CO2/km, and delay the target date by a further three years from 2012 to 2015 with interim targets. 114 Yet again, the Commission encouraged Member States to adopt differentiated "car taxation" based on carbon emissions as soon as possible, because it was a "powerful instrument" to influence the purchase decisions of the consumers by promoting the purchase of fuel efficient and low CO2 emitting cars. 115 The car taxation measure would facilitate the efforts of the car manufacturers to meet their obligations to bring such fuel-efficient technology to the market, making it easier to meet their CO2 reduction target. 116 Differentiated taxes would apply to all cars on the market. Car manufacturers also supported the introduction of tax measures to shape consumers' demand towards fuel-efficient cars, and help create a market for breakthrough technologies. 117 By 2008, many Member States commenced reforming the base of their vehicle's taxation systems to CO2 differentiation emission rates. 118 The reform measures entailed either a complete redesign of the vehicle taxation system or additional CO2 emission taxes or subsidies being added to the pre-existing taxes. 119
Vehicle taxes vary between Member States in the EU
By 2012, 19 of the 27 European Union (EU) Member State countries imposed some form of CO2 based vehicle taxes to the vehicle purchase tax and/or ownership tax of passenger cars, compared with 11 in 2007 and nine in 2006 . 120 Eight of the 19 countries applied some form of CO2 tax on both vehicle taxes (Denmark, Cyprus, Finland, France, Ireland, Malta, Portugal and The Netherlands); six countries applied some form of CO2 tax only on the vehicle purchase tax (Austria, Belgium, Latvia, Romania, Slovenia and Spain); and five countries applied some form of CO2 tax only on the ownership tax (Germany, Greece, Sweden, Luxembourg and the UK). 121
Any inter-country comparisons should be "done with utmost care" as the total achievable reduction in CO2 emissions can vary depending on the degree of tax differentiation adopted by the country; further, the implemented system can be complex and quite different from country to country. 122 Table 3 Countries with the most effective CO2 tax schemes had the biggest reductions in carbon emissions and the lowest average CO2 emissions from new passenger cars, as shown in Table 3 . 
Member States that adopt both vehicle taxes

Case study: Ireland
Ireland is chosen as a case study because of the country's similarities with Australia. Namely, Ireland had to address the significant growth 128 in the transport sector and the growing preference for high emitting vehicles. At the time, smaller cars in the 900cc were declining in numbers, compared to strong growth in the 1.7 -1.91cc, and greater than 1.91cc range, indicating a growing trend toward purchasing larger vehicles. 137 Thus, cars with engines greater than 1.71 cc increased their share from 13 percent in 1990 to 29 percent in 2006, with the market in this period being dominated by petrol cars. 138 The challenge in Ireland (as it remains in Australia) was to address consumers' growing preference to buy larger vehicles. The reforms introduced to Irelands vehicle taxes were as follows: The tax rates linked to specific bands of CO2 emissions (g/km) as shown in Table 4 are significantly differentiated for the purpose of influencing the purchase decision of consumers to choose less CO2 emitting vehicles. 145 Charging an 'up-front' vehicle purchase tax in addition to the vehicle price has elevated the environment and the vehicles CO2 emissions from 'least important' to an 'important factor' for consumers when deciding which car to buy. Table 5 shows that Ireland's annual ownership taxes rates are significantly differentiated according to the vehicles CO2 emissions, and this is evidenced when comparing Ireland's tax rates with those of the UK.
Growth of Ireland's transport emissions
For example, if a consumer prefers to buy a new car on the basis of power and engine size but finds the vehicle emits 226g of CO2/ km, then the tradeoff for the consumer's preference is an additional 'up front' vehicle purchase tax in Band G of EUR 18,000 (Table 4 ) and higher annual ownership taxes of EUR 2,100 (Table 5 ).
In effect, Ireland's high carbon differentiated vehicle taxes has provided a strong price signal and successfully influenced consumers to buy lower carbon-emitting vehicles. Namely, before the new taxes were introduced, the share of lower emitting vehicles of less than 155g/km in bands A-C was on average 41% Table  3 . That is, the magnitude of change in the weighted average CO2 emissions is shown when compared with EU data. Within one year of introducing the new emission based taxation system for new private cars, Ireland's vehicle emissions went from 8 percent above the EU average of 154g/km 151 to 6 percent below. 152
Such an immediate and significant change in purchasing patterns towards loweremitting vehicles resulting from the significant CO2 tax differentiation strongly supports the effectiveness and impact of this environmental tax instrument in reducing CO2 emissions. Rogan (2011) 153 also asserted that the decline in new private car sales in 2008 to close to 2003 levels and a further 62 percent decline in 2009 were a result of the economic recession in Ireland, rather than the impact of the change in vehicle taxes. 154 The decline in Irish new car sales was comparable to those in the EU. 155
Alternative mechanisms to vehicle purchase tax
The following mechanisms are alternatives to the vehicle purchase tax, such as the bonus malus scheme, or those imposed in addition to the vehicle purchase tax, such as the annual CO2-based ownership tax, or special tax incentives provided to encourage the uptake of alternative fuelled vehicles, such as electric vehicles.
Bonus malus scheme
Some commentators have suggested that the French bonus/malus scheme may be more publically acceptable than other fiscal measures because of the reward element. 156 Brand et al. (2013) 157 found more ambitious feebate schemes were faster in accelerating low carbon and plugged-in technology uptake, particularly in the short to medium term.
France reformed its vehicle purchase tax in January 2008, and began taxing and subsidizing purchase according to the vehicle's emissions rate. 158 Under a bonus malus, a premium is granted for the purchase of a new car when its CO2 emissions are 105g/km or less. 159 Vehicles emitting 20g/km or less of CO2 benefit from a maximum premium of EUR 7,000, but the incentive cannot exceed 20 percent of the vehicle purchase price, including VAT. 160 The premium reduces to EUR 5,000 for vehicles emitting between 20g/km and 50g/km, and EUR 4,500 when CO2 emissions are between 50g/km and 60g/km. 161 An additional bonus of EUR 200 applies when a car at least 15 years old is scrapped and the new car purchased emits a maximum of 105g/km, 162 while hybrid vehicles emitting 110g/km or less benefit from a premium of EUR 2,000. Electric vehicles are exempt from company tax, and hybrid vehicles emitting less than 110 g/km are exempt during the first two years after registration. 163 A malus is payable when the CO2 emissions from the new car purchased exceeds 135g/km. The maximum malus paid is EUR 6,000 when CO2 emissions exceed 200g/km. In addition to this one-off malus paid at the time of purchase, cars emitting more than 190g/km pay a yearly tax of EUR 160. 164 This is in addition to the annual ownership tax.
The French reacted more favourably to the scheme than expected, accounting for a EUR 500 million loss in 2010, and this prompted a readjustment to the vehicle purchase taxes and subsidies. 165 Thus, a feebate program must be carefully designed, monitored, and adjusted to counter the problems of costs, demand effects, and tax revenues. 166 5.2 Annual CO2-based ownership tax Table 3 shows that Germany imposed only an annual CO2 based ownership tax, and had the highest average CO2 emission for new passenger vehicles of 141g of CO2 per kilometer, exceeding the EU average of 136g/km for 2012. 167 . That is, in 2009 Germany changed its ownership taxes based on engine size to a tax based system that accounted for a vehicle's CO2 emission rate. 168 However, the rate of tax is so low (EUR 50/ EUR 70 per car) that its impact on car choice is negligible. 169 The OECD found that Germany's measures were not providing a clear carbon price signal. 170 Consequently, the average CO2 emissions from new cars in Germany are one of the worst performing of all Member States. 171 Klier and Linn (2012) 172 observed that a possible explanation for this is that consumers are more responsive to the vehicle purchase tax than to annual ownership taxes, because of the uncertainty over future ownership taxes.
Special tax incentives for low CO2 emission vehicles
To promote the lowest carbon emission vehicles such as electric, hybrid, and other alternative fuel vehicles, vehicles taxes are exempt for several EU Member States. For example, Denmark exempts electric vehicles weighing less than 2,000 kg from its vehicle taxes. However, this exemption does not apply to hybrid vehicles. Similarly in Germany, electric vehicles are exempt from annual ownership taxes for a period of five years. 173
In Ireland, electric vehicles are exempt from vehicle purchase tax up to a maximum of EUR 5,000. Plug-in hybrids benefit from a vehicle purchase tax of EUR 2,500, and conventional hybrid vehicles and other flexible fuel vehicles benefit from a vehicle purchase tax to a maximum of EUR 1,500 In the Netherlands, electric vehicles are exempt from registration tax and annual circulation tax, and hybrids are exempt if they emit less than 95g/km (diesel) or less than 110 g/km (petrol). 175 Special tax incentives are provided under the bonus malus system discussed in paragraph 5.1.
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Ex post evidence on success of carbon differentiated vehicle taxes
Literature on the effectiveness of "carbon differentiated vehicle tax' measures has been mixed. Furthermore, there is a conflict in the literature as to which vehicle tax is effective in influencing the demand for low CO2 emitting vehicles. The COWI Study (2002) discussed in paragraph 3.2 found that both vehicle purchase tax and ownership taxes have the ability to provide CO2 reduction, and that no type of tax was superior to another.
Earlier literature by Ryan et al. (2009) 180 performed an econometric modeling study using data from 1995 to 2004, and suggested that the vehicle purchase tax did not appear to have an important impact to the CO2 emissions intensity of the new passenger car fleet over and above the effects of ownership and fuel taxes. 181 The study concluded that, "it is the ownership tax (or circulation tax) that is more influential in determining fuel efficiency and hence CO2 emissions of the vehicle 198 found that changes to the vehicle taxes could affect the purchase and ownership of new passenger vehicles. The advantage of imposing both taxes is that a CO2 differentiated vehicle purchase tax will provide an incentive for buyers to choose a vehicle with lower emissions, and a recurrent ownership tax will give buyers of used cars an incentive to switch to vehicles with lower emissions; however, this is not the case with one-off taxes. 199 The findings of Brand et al. 's (2013) 200 study are generally in line with other studies, with the car purchase feebate policies shown to be the most successful and effective policy instrument in accelerating low carbon technology uptake and reducing GHG emissions. Moreover, "if designed carefully and adjusted over time, [it] can avoid overburdening consumers with ever more taxation whilst ensuring revenue neutrality". 201 The effectiveness of the various vehicle taxation schemes shown in Table 3 shows that policy choice, design, and rate differentials play a crucial role in determining the strength of the behavioural response in transitioning to low emission transport and achieving the national policy goal or targets of reducing road transport emissions.
Therefore, Rogan et al. (2011) stated that the early signs of vehicles taxes differentiated on the basis of the vehicles CO2 emissions are particularly effective: "This should help raise the profile of this type of policy, particularly when studies that seek to find policy solutions to the transport energy challenge, fail to include a car tax policy that drives lower emissions. " 202 Brand et al. (2013) 203 advised that consideration of the wider impacts should be considered when deciding the rate of reducing in carbon emissions, and that the rate with which CO2 limits need to be tightened in order to keep pace with the fuel efficiency improvements, avoid net losses, and maintain public acceptance are future potential scenarios that demands consideration.
Limitations addressed
The impact of differentiated vehicle taxes have been criticized for various limitations, such the very high shift to diesel internal combustion vehicles with associated consequences for higher NOx emissions and particulates 204 , the potential rebound effect, and loss of government revenue 205 .
The focus of this paper is limited to the acquisition of new motor vehicles, and does not address other environmental externalities such as congestion, local air pollution and earmarking of revenue, which were beyond its scope. Nonetheless, it is submitted that differentiated vehicle taxes based on CO2 emissions apply to the acquisition of new vehicles, and it is generally assumed that buyers of new vehicles have the financial capability. Vehicle taxes will increase Australia's fleet of lower carbon emitting vehicles, which will flow through to the second hand car market and make lower emissions vehicles more readily affordable for lower income earners.
Impact on fleet renewal
The argument that vehicle purchase tax discourages the renewal of the vehicle fleet is not supported given that many EU Member States have had vehicle taxes since 2007, and the average age of EU passenger cars remains unchanged at 8.0 years in 2010. 206 This average age is less than Australia's average fleet age of 10 years (ABS 9309.0, 2012), and none of Australia's state governments have adopted carbon differentiated vehicles taxes other than the ACT. The ACT government has a vehicle purchase tax based on each vehicle's environmental performance, and the average age of the motor vehicle fleet is eight years. 207 The ACT government claims that if the current turnover of vehicle continues, then around 50 percent of the fleet will be replaced by 2020; this is important in giving the ACT the opportunity to "help people choose the lowest emission new car that meets their needs". 208
Vehicle taxes biased towards more efficient diesel vehicles
Mandell (2009) 209 , and Rogan et al. (2011) 210 found that the change in vehicle taxes differentiated on carbon emissions was not a switch to smaller engine sizes, but a fuel switch towards diesel. Differentiated vehicle taxes can increase market share for diesel cars, which are considered superior due to their higher fuel efficiency. In the European countries, diesel vehicle sales account for more than half of all new motor vehicle sales, and nearly 40 percent in major emerging markets such as India. 211 The associated consequences of acquiring diesel cars, however, are higher NOx emissions and particulates. 212 Kunert (2007) 213 proposed that the structure of the vehicle taxes should be rebalanced according to the level of CO2 emissions, but it should not be the sole purpose.
However, vehicle taxes have accelerated technical advancements and improvements in both diesel and petrol engines which has made the two fuel types closer substitutes. 214 For instance, advances in engine technology and emission control through EURO 5 or EURO 6 have essentially forced the adoption of the diesel particulate filter and ultralow sulfur fuel, and these have nearly eliminated black carbon emissions from new light duty vehicles. 215 To ensure all new vehicles meet such standards, emission bands could be extended to include a band for air pollution, such as tailpipe emission standards on diesel particulate matter. 216 Further, Kok isolated the separate effects of consumer preferences and the technological advances in choosing diesel-fuelled cars, and found that these are offset by an increase in larger and heavier diesel vehicles than the average petrol 
Carbon differentiated vehicle taxes are not regressive
Vehicle taxes are environmental-related taxes that impose taxes on goods, which are paid for by the consumer. And clearly this imposes a heavier burden on low-income households than on high-income households. The arguments for removing a vehicle purchase tax is based on the premise that the price of a vehicle increases by the addition of a vehicle purchase tax, and as Katri (2012) 235 stated, the behavioral effects of this would be for consumers normally to reduce their consumption of the commodity. However, empirical evidence has shown that price responsiveness depends on the income of the households; thus, low-income households would be more responsive to price increases and more likely to reduce their consumption than higher-income households. 236 In this case, the incidence of a vehicle purchase tax is less regressive, as the tax burden of low-income households would be reduced more than that of higher-income households. 237 Furthermore, the carbon differentiated vehicle tax affects only those buying a new motor vehicle, and does not affect the low-income household. 238 
Impact on revenue
The objective of governments in changing the base of vehicle taxation system to CO2 emissions is twofold: reduce CO2 emissions and remain at least revenue-neutral. 239 Vehicle taxes are an important revenue source for all EC Member States. On average, vehicle purchase tax and ownership taxes accounted for 1.9 percent of all revenues in 2010. 240 Therefore the design of a vehicle tax system is important to national tax authorities, 241 with the nature of its design possibly having a significant effect on government revenue streams. 242 Therefore the aim is to design the new system with the goal of reducing CO2 and remaining "revenue-neutral". 243 For instance, changing the vehicle purchase tax to a CO2 base may mean that revenue drops instantly and permanently, 244 as the policy might effectively encourage buyers to choose smaller, more fuel efficient vehicles which are in a lower emissions tax band, as shown in Table 4 . However, the revenue loss in changing the ownership tax to a CO2 base may be more gradual as car stocks adjust to the new consumer choice of fuel efficient, low emitting vehicles. 245 In encouraging its Member States to adopt CO2 based vehicle taxation measures, the European Commission recommended that these measures could be designed in a revenue neutral way that would not impose an additional burden on consumers, but reward buyers of low emitting cars and penalize the purchase of less efficient vehicles. Feebates fiscal incentives can also have a significant effect on government revenue streams and place additional tax burdens. 251 The difficulty with a feebate system is the uncertainty determining the consumer's response to the fiscal pricing incentives, which makes it difficult to determine the optimal feebate rates and timing of the tightening by emissions bands. 252 However, as discussed in paragraph 5.0, "if designed carefully and adjusted over time, [it] can avoid overburdening consumers with ever more taxation whilst ensuring revenue neutrality". 253 Hence, governments may need to adjust the size and timing of rebates and fees over time to ensure that the measure is economically feasible. 254
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Australian Capital Territory's green vehicle duty scheme and recommended on encouraging demand for fuel-efficient low emission vehicles through reforming existing vehicle taxes by adopting differentiated charges linked to the vehicles environmental performance. 256 One model recommended by COAG, was the Australian Capital Territory's (ACT) Green Vehicle Duty System (GVDS), introduced in 2008, based on the environmental ratings published in the Australian Government's Green Vehicle Guide. 257 However, the final Henry Report released on 2 May 2010 opposed the proposed reform, leaving ACT as the only Australian state/territory government that had reformed its vehicle purchase taxes to provide "an incentive for the purchase of low emission vehicles and a disincentive against the purchase of vehicles with poor environmental performance." 258 However, the tax design of ACT's GVDS is not as effective as the EU Member States discussed in paragraph 3.4, and will not significantly reduce emissions from passenger vehicles. Further analysis and discussion of the tax design in ACT's GVDS and the appropriateness of using the Australian Governments Green Vehicle Guide will be the basis of a subsequent paper by the author.
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Conclusion.
Australia has no effective fiscal instruments to reduce road transport emissions. Further, the government has not set or legislated any ambitious targets or strong commitments in reducing road transport emissions. Instead, the government projects road transport CO2 emissions to be 82 Mt CO2-e by 2020, showing an increase of 51.8 per cent of 1990 levels. These emissions will then slow to no growth from 2020 to 2030 to 81 Mt CO2-e, attributable to fuel efficiency improvements in conventional combustion engine vehicles, rising fuel prices, future introduction of mandatory CO2 emissions standards, and an accelerated take-up of hybrid and fully electric vehicles. Furthermore, the forecast is qualified on the basis that the success of technology in reducing road transport emissions is dependent on the "ability of these technologies to meet consumer needs" 259 as discussed in paragraph 2.1.
Except consumers undervalue fuel economy and expect a high pay back period when choosing a car for fuel efficiency. Furthermore, the importance of this factor has been found to "drop-off" at the time purchase as discussed in paragraph 2.3.2. Therefore it is argued that the Australian Governments projection of slowing road transport emissions between the period 2020 and 2030 is unlikely without the implementation of effective fiscal measures to encourage the transition to low carbon transport.
In determining what fiscal measures will most likely be effective in reducing road transport emissions, policy makers will need to recognize that rational economic theory may not necessarily apply to the acquisition of new light vehicles. This will impact on the choice of policy mix and policy design to ensure such instruments are effective in meeting the objective of reducing road transport emissions.
The paper shows that vehicle taxes reformed into an environmental tax, is a "powerful instrument" that can "drive consumer demand towards fuel efficient cars" and foster a more sustainable car market as discussed in paragraph 3.3. Car manufacturers have supported the introduction of this measure, as they are able to compete on the grounds of environmental performance, instead of having to meet consumers demand for larger and more powerful vehicles.
The ex post evidence on the successful transition to low carbon transport will require fiscal measures that provide a strong up-front price signals to influence buyers' choice of vehicle. In the case study of Ireland, the consumer response to the strong price signal at the time of purchasing a new passenger vehicle was greater than expected. That is, in the period 2007 to 2011, the weighted average of CO2 emissions of new passenger vehicles reduced by 22.7 per cent.
Thus, supporting the 2012 White Paper statement that it is the consumer's choice of vehicle that will influence the degree of acceleration to low carbon technology and the amount of carbon emission reductions. However, successful transition to lower carbon-emitting vehicles is dependent on the introduction of fiscal measures that can influence consumer choice at the time of acquisition. The advantage of reforming an existing vehicle purchase tax is that it will not be perceived to be overburdening consumers with another tax, and will most likely be politically acceptable. Although the success of the reform depends on the effectiveness of the tax design and the rate of CO2 tax differentiation, which must be flexible to ensure governments can assess and adjust the carbon-differentials according to the level of the transition to lower carbon vehicles and to ensure the reform remains at least revenue neutral.
